Introduction: Research examining the relationship between dietary factors and physical activity patterns has yielded conflicting findings. Few prospective studies have examined whether individuals who change their level of physical activity make corresponding changes in their diet.
Introduction
T he role of positive health behaviors in the prevention and management of chronic disease is well established at all ages. Tobacco use, poor dietary habits, sedentary activity patterns, and alcohol misuse cause at least 38% of deaths in the United States. 1 Although much of the research relating health behaviors to chronic diseases has focused on a single health behavior and a single disease (e.g., smoking and heart disease), health behaviors may cluster. For example, individuals with healthier diets also may be more physically active and less likely to smoke.
The possibility of interrelationships between health behaviors has significant implications for intervention and epidemiologic research. Interventions are expensive and time-consuming. Cost-and program-effectiveness could improve if interventions targeted to change one health behavior produce changes in other health behaviors. Understanding the relationship among various health behaviors is also critical from an epidemiologic perspective. If health behaviors are interrelated, then studies finding a significant relationship between an exposure (e.g., diet high in saturated fat) and a disease (e.g., heart disease) may overstate the significance of this relationship if one or more additional exposure variables (e.g., inactivity) are also associated with the disease.
Although studies have shown health behaviors interrelate to a greater extent than would be predicted by chance, correlations among multiple health behaviors tend to be modest, and little support exists for a single "health-promoting lifestyle." [2] [3] [4] [5] Instead, evidence shows that certain health behaviors are interrelated. For exam-ple, smokers tend to have more negative health habits than nonsmokers. 6 -10 Although the relationship between physical activity and diet has greatly interested epidemiologists and others, because of the role of both behaviors in some of the same chronic diseases (e.g., heart disease and some cancers), results from this body of literature have been inconsistent. 11 Results from cross-sectional studies examining whether physically active individuals have healthier diets than inactive individuals have been mixed, with some studies supporting a positive relationship [12] [13] [14] [15] [16] [17] and others finding no relationship or a modest relationship. 2,3,18 -21 Few prospective studies have examined this issue. A recent study 13 found that among Working Healthy Trial participants, those who became more active over 2.5 years consumed more fruits and vegetables, less fat, and more fiber at the final assessment as compared with those who remained sedentary. At least some participants, however, received active intervention aimed at exercise, diet, or both. Another prospective study 22 examined whether participants who voluntarily changed their physical activity levels, outside of a formal intervention, also changed their diet as compared with participants who remained sedentary over a 1-to 6-year period. Although both groups improved their dietary habits over time, those who became more active differed only in beef and coffee consumption (both decreased ) from those who remained sedentary. A number of prospective trials have examined the effects on weight loss of diet vs diet plus exercise. 23 Participants in trials assigned to the single-behavior intervention (e.g., diet) typically are instructed not to change the other behavior (e.g., exercise), precluding the examination of whether physical activity is a gateway behavior to dietary change.
In summary, studies examining the relationship between dietary factors and physical activity have been inconclusive, and few prospective studies exist. The current investigation examines whether a physical activity intervention is associated with changes in selfreported dietary factors. We used validated, comprehensive self-report measures of both physical activity and diet as well as a measure of fitness. Most studies have only included younger adult populations-our study extends the literature by examining this question in a sample of middle-aged and older adults. Despite the importance of diet and exercise, 24, 25 little is known regarding the co-occurrence of these behaviors in older adults.
The goals of this study were: (1) to examine whether changes occurred in the self-report of dietary factors over a 1-year period in two randomized clinical exercise trials, and whether these changes differed by gender and exercise treatment groups, and (2) to examine whether participants who increased their physical activity levels, regardless of study treatment assignment, also improved their pattern of dietary intake over a 1-year period.
Methods
Participants and procedures. Characteristics of SSHIP-I and II study participants and sampling procedures are described in detail elsewhere, 26 -28 and we only briefly discuss them. The SSHIP-I study recruited 357 individuals for a trial examining the effectiveness of group-vs. home-based exercise training of varying intensities among healthy, sedentary adults aged 50 -65 years. 26 The SSHIP-II study recruited 103 adults for a trial examining the effectiveness of different types of physical activity in older adults. 27, 28 Residents of Sunnyvale, California, were contacted through random-digit-dial telephone surveys and through citywide promotion. Those eligible for the intervention trials based on age, residence, physical activity status (regularly active no more than twice/week during the preceding six months), and health status were randomly assigned to an intervention group. During the 1-year intervention period, a trained health educator regularly telephoned (to encourage participation, to problem-solve strategies to overcome barriers to exercise, and to remind participants to return exercise logs) those assigned to an active intervention. All participants were provided with a booklet developed by the Stanford Center for Research in Disease Prevention that described major risk factors for heart disease (cholesterol, blood pressure, exercise, overweight, stress, and smoking) and included a reference list of books on these risk factors. Participants did not receive dietary counseling.
At baseline and at 1-year, all participants completed physical activity performance measures; physiologic tests; and physical activity, nutrition, health, and psychosocial questionnaires.
SSHIP-I intervention.
Participants were assigned to one of the following three exercise training conditions: (1) higherintensity (73% to 88% of peak treadmill heart rate) groupbased, (2) higher-intensity home-based, (3) lower-intensity (60% to 73% of peak treadmill heart rate) home-based, or (4) to an assessment-only control group. Participants in the group-based exercise program were encouraged to attend three 60-minute exercise classes per week, with a 40-minute endurance-training period. Participants in the higher-intensity home-based training program received a similar exercise prescription. Participants in the lower-intensity home-based training program were prescribed five 30-minute exercise sessions per week (to equate total weekly caloric expenditure). Participants assigned to the assessment-only control group were instructed not to change their physical activity habits during the 1-year period. Exercise logs and treadmill data confirmed that control participants remained sedentary over the intervention period. Flex"). For both conditions, participants were encouraged to participate in two 60-minute exercise classes each week and to exercise on their own for 40 minutes at least twice per week.
Measures
Demographic and health variables. Participants in both trials reported their age, gender, education, and race. Participants' body mass index was computed as kg/m 2 (we measured body weight and height in the clinic).
Dietary assessments. SSHIP-I participants completed the Willett Food Frequency Questionnaire (FFQ), 29 a widely used paper-and-pencil, semi-quantitative measure that asks participants to estimate how often, on average, they have consumed a variety of foods over the past year (serving sizes provided). The questionnaire includes nine possible responses ranging from "never" to "6ϩ times per day." Willett et al. 29, 30 reported correlations between the FFQ and 1-year diet records of 0.44 -0.76, and 1-year test-retest reliability coefficients of 0.54 -0.70. The Willett FFQ composite scores used in this study were total fat (gm), saturated fat (gm), carbohydrates (gm), protein (gm), total calories (kcal), cholesterol (mg), sodium (mg), and dietary fiber (gm). We also computed average daily servings of fruits and vegetables. 12 We collected 1-year dietary data on a subsample of the original SSHIP-I sample because of logistical and budgetary constraints (physical activity was the primary focus of this trial). Of the original 357 participants, 268 (75%) had complete data for both the baseline and 1-year dietary measures (all analyses were conducted with these participants). Reasons for incomplete dietary data included the following: participant did not complete the baseline measure (nϭ5); participant did not complete the 1-year measure (nϭ65); participant completed neither the baseline nor 1-year measures (nϭ4); and participant skipped a large number of items at baseline (nϭ6) or 1-year (nϭ9).
All 103 SSHIP-II participants completed the Eating Pattern Assessment Tool (EPAT), 31 a 23-item, paper-and-pencil foodfrequency questionnaire that assesses "usual" dietary habits. Part I (12 items) assesses the intake of high-fat, high-cholesterol foods (e.g., untrimmed red meats, baked goods). Scores can range from 12 to 48 (higher scores ϭ more high-fat/highcholesterol foods). Part II (11 items) assesses the intake of lower-fat foods (e.g., poultry and fish, low-fat dairy foods, beans). Scores can range from 11 to 44 (higher scores ϭ more low-fat/low-cholesterol foods). Peters et al. 31 found that Part I correlated 0.55 with a 4-day food index of dietary cholesterol, saturated fat, and polyunsaturated fat, and had good test-retest reliability, with 4-month coefficients of 0.83 and 0.69 for Parts I and II, respectively.
These dietary measures allowed us to compare diet during a year with no physical activity intervention (measures given at baseline asked participants to evaluate their typical diet in the past year) with diet during a year in which participants received a physical activity intervention or were in the control group.
Physical activity measures.
Treadmill duration was the maximum number of minutes spent on a symptom-limited treadmill exercise test. 26, 28 Adherence to prescribed exercise sessions over the 1-year study period was measured with physical activity logs (self-reported exercise type, frequency, duration, heart rate, and perceived exertion) and class attendance logs (recorded by group leaders). Heart rate and body movement monitors validated self-report logs. 26, 28 SSHIP-II participants also completed the Community Health Activities Model Program (CHAMPS) for seniors physical activity questionnaire, a paper-and-pencil measure that provides a valid and reliable estimate of energy expended (kcal/kg/day) during physical activities for older adults. 32, 33 Results
SSHIP-I Results
Attrition analyses. We compared participants with missing or incomplete dietary data (nϭ89) with participants included in this study (nϭ268) along baseline measures of age, education, body mass index, ethnicity, and minutes on the treadmill. Participants with complete data were somewhat more educated than participants with incomplete data (15 Although we noted several differences between participants with complete vs. incomplete dietary data, the magnitude of the differences was fairly small and evident for 5 out of 15 variables.
Preliminary and descriptive analyses. Five dietary measures (protein, cholesterol, total fat, fruits, and vegetables) were log-transformed to correct for positive skew. We used these log-transformed values for all analyses (except descriptive reports).
We computed separately, by gender and treatment condition, baseline and 1-year mean scores for demographic, dietary, and physical activity variables (Table  1) . Participants were generally well educated, and 93% of the participants were Caucasian. On average, participants were overweight and consumed diets higher in total and saturated fat, lower in fiber, and somewhat lower in fruits and vegetables than recommended.
Baseline associations. We conducted baseline analyses to examine whether the 10 dietary factors and physical fitness (i.e., treadmill time) were associated. Because treadmill time was positively associated with total dietary calories, we adjusted for total calories in all correlations, 12 and present the partial correlations in Table 2 . More fit participants consumed significantly less saturated fat and dietary sodium. Baseline fitness was unrelated to daily consumption of total fat, carbohydrates, protein, sodium, fiber, fruits, and vegetables. Table 2 reports the correlations between baseline and 1-year dietary values. The correlations ranged from 0.59 to 0.71, and are similar to values reported elsewhere.
Test-retest correlation coefficients. The diagonal of

29
Change analyses. We conducted a 3-way (time ϫ gender ϫ intervention group) repeated measures analysis of variance (ANOVA) to examine whether each dietary factor changed over the 1-year trial, and whether changes differed by gender or exercise intervention group (intervention vs. assessment-only control). Because of the number of analyses, we set statistical significance at pϽ0.01. Trends are reported at pϽ0.05. Significant main effects for time were found for total calories, F (1, 265) Minutes on exercise treadmill is collapsed across participants in the three exercise treatment groups, represented by "intervention." Significant increases in treadmill parameters were found for participants in the three treatment groups, but not in the control group. 26 Average exercise adherence, which equals the percentage of prescribed exercise sessions completed, is reported for participants in the exercise treatment groups only.
groups) or as four distinct groups (higher-intensity group-based, higher-intensity home-based, lower-intensity home-based, and assessment-only control group).
We also conducted analyses across the entire sample (exercise-treatment groups combined) to examine whether changes in physical activity were associated with changes in dietary factors. For each dietary factor and treadmill time, a residual score was computed, representing variance in 1-year scores adjusted for baseline scores. We correlated dietary residual scores with treadmill residual scores, average exercise adherence over the 1-year trial, and age. We found a trend for greater exercise adherence over the 1-year period to be associated with increased servings of fruit (rϭ0.16, pϽ 0.03), but otherwise no correlations were significant (rϭϪ0.11 to 0.09). We also addressed this question by looking at average dietary change according to quartiles of physical activity change. As shown in Table 3 , we found no consistent pattern between physical activity quartiles and changes in diet.
SSHIP-II Results
Descriptive analyses. Baseline and 1-year mean scores for demographic, dietary, and physical activity variables were computed by gender and intervention group, and are reported in Table 4 . Participants were generally well educated, and 95% of participants were Caucasian. On average, participants tended to be somewhat overweight, and had diets somewhere between a "typical American diet" (total fat 30% to 39%, saturated fat 10% to 18%) and the National Cholesterol Education Program Step 1 diet (total fat Ͻ30%, saturated fat Ͻ10%).
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Baseline associations. We conducted baseline correlational analyses to determine whether the two dietary scores (EPAT Parts I and II) and physical activity (i.e., treadmill time, kcal/day expended) were associated. Correlations ranged from rϭϪ0.16 to rϭ0.19. No baseline correlations were statistically significant (pՆ0.09).
Test-retest correlation coefficients.
The correlations between baseline and 1-year values were 0.78 and 0.62 for Parts I and II, respectively (pϽ0.0001), similar to values reported elsewhere.
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Change analyses. We conducted repeated measures ANOVAs to examine whether the two dietary composite scores changed over the 1-year trial, and whether changes differed by gender or exercise treatment group. Significant main effects for time were found for the EPAT Part I, F(1, 96)ϭ8.45, pϽ0.01. Over the 1-year period, participants decreased their consumption of high-fat, high-cholesterol foods. We found no changes for the EPAT Part II. In addition, changes in dietary factors over time did not vary by gender or treatment group. We also conducted analyses to examine whether changes in physical activity were associated with changes in dietary factors. For the two dietary factors, treadmill time and kcal/kg/day expended, a residual score was computed, representing variance in 1-year scores adjusted for baseline scores. Residualized dietary scores were correlated with residualized physical activity scores, average exercise adherence, and age. Participants who increased their treadmill time reported an increased consumption of high-fat, high-cholesterol foods (EPAT Part I scores), rϭ0. 21, pϽ0.05 . No other correlations were significant. We also addressed this question by looking at average dietary change according to quartiles of physical activity change. As shown in Table 5 , we found no consistent pattern between physical activity quartiles and changes in diet.
Discussion
The results of the two clinical trials provide evidence that dietary changes occur during the course of physical activity program participation, but do not support a covarying relationship between physical activity and dietary change in middle-aged and older adults. Al- though participants in both clinical trials showed improvements in both health behaviors over the course of the interventions, the changes had no meaningful association to each other, and dietary changes (but not physical activity changes) occurred even in participants in the control group. Few studies conducted to date have addressed the important issue of whether changes in physical activity lead to changes in dietary factors. In contrast to findings from the Working Healthy Trial, 13 we found little evidence among middle-aged and older adults that physical activity is a "gateway" to improved dietary intake. The three distinct formats and intensity levels of the physical activity interventions in SSHIP-I did not differentially influence dietary changes, and control participants improved their diet similarly to those randomized to active intervention. Similarly, we did find overall dietary improvements in SSHIP-II, but they were unrelated to the exercise intervention. In SSHIP-II, we found a trend for participants who became more active to increase their fat and cholesterol intake over the course of the study, which may reflect an overall increase in calories consumed, including fat and cholesterol intake, in response to increased caloric expenditure. Thus, older adults who increase their caloric intake in response to increased energy expenditure may benefit from counseling regarding alternative ways to increase calories.
Our results are consistent with those of Blair et al. 22 who found that participants who voluntarily changed their physical activity levels were, in general, no more likely to change their dietary habits than those who did not change their activity level. Also consistent with their findings, we found that in both clinical trials, dietary patterns improved over time. SSHIP-I participants decreased their total calories, total fat, saturated fat, protein, and cholesterol, and women tended to make greater changes than men did. SSHIP-II participants also improved their overall diet over the 1-year period by decreasing high-fat, high-cholesterol foods. At least two possibilities explain these findings: (1) Participation in a clinical trial may heighten awareness of health issues, leading to overall positive changes, regardless of intervention assignment. Participants who self-select to be in a clinical trial may be more likely to make positive overall health behavior changes. (2) Alternatively, the observed dietary changes may relate to larger societal changes in recent years, including increased emphasis and mass media educational efforts aimed at nutrition and diet.
The staff who delivered the physical activity interventions in SSHIP-I and II provided no dietary or nutritional counseling. Unlike weight-loss studies comparing diet vs diet plus exercise, however, we did not explicitly ask participants to avoid making dietary changes. Many behavioral interventions are designed to focus on only one behavior and actively avoid modification of other behaviors that could cause spurious results in the physiologic outcomes. Although these programs are essential for testing the efficacy of specific intervention components, they may be less effective for promoting multidimensional health improvements. Interventions designed to promote overall healthy lifestyles may be most effective when they specifically target multiple health behaviors such as diet and physical activity, as was done in the Working Healthy Trial. 13 Several limitations affected our study. We used convenience samples in which physical activity was a primary focus, and dietary change a secondary interest. As a result, dietary measures differed between the two samples. However, the fact that the results were similar in two different populations using two different dietary measures lends greater confidence to our conclusions. The samples were also well educated, largely Caucasian, and included only middle-aged and older adults. Physical activity and diet may relate differently in other ethnic and age groups (as in the Working Healthy Trial), but we were unable to examine this possibility. Although attrition analyses did not reveal major differences between SSHIP-I participants who did vs. did not complete the 12-month dietary measure, approximately 25% of our sample did not complete this measure, which could limit the power to detect differences. However, we saw no trends in our data to support a covarying relationship. Finally, we cannot rule out the possibility that dietary change may act as a gateway to changes in physical activity, and this possibility should be explored further. Despite the lack of statistically significant findings, the results of this study provide important contributions to research on health behaviors of older adults. As we found in this study, health behavior principles and phenomena do not necessarily operate in the same way in older adults as they might in younger populations. Analysis of trends and differences in health behaviors across the life span is critical for determining the differential health needs and challenges to our aging society.
